The volume mixing ratios of non-methane hydrocarbons including saturated, unsaturated and aromatic ones (C 2 to C 8 as non methane hydrocarbons, NMHC S ) were measured at three distinct sites (natural, rural, urban) Leakages from natural gas (NG) or liquefied petroleum gas (LPG) probably from the continental platforms may account for important sources for the background concentration of ethane and propane in the area. Isoprene has been found to have mostly a biogenic source but its dual anthropogenic-biogenic origin was also evident at the rural site.
INTRODUCTION
Most of the atmospheric trace gases and aerosols are pollutants with strong impacts on global climate, air quality and human health. Transport, meteorological dispersion, photochemical processing and physical removal determine their distribution and fate in the atmosphere. Short-and long-term measurements of atmospheric trace gases and aerosols, through direct observations, model analysis, or a combination of these techniques, have lead to advances in the understanding of their fate processes and also of their interactions. Knowledge of ambient levels of most of the atmospheric trace gases and aerosols is necessary to evolve proper strategies to control tropospheric radicals build up and to maintain healthy air quality.
Particular attention is given to the presence of specific trace gases in the atmosphere as most of them might contribute to the generation of both fine aerosol and photochemical oxidants such as ozone (Atkinson, 2000) . Aerosols and ozone have direct effects on human health through respiratory inflammation, on climate change through modification of direct and indirect radiative budgets and on regional ecosystems through oxidation and changes in nutrient balance (Andreae and Crutzen, 1997) .
Nowadays it is being recognised that volatile organic compounds (VOCs), sometimes referred to as non methane hydrocarbons (NMHCs) or non methane volatile organic compounds (NMVOCs), are found throughout the earth's atmosphere, emitted from a vast array of sources both man-made and naturally occurring. NMHC S are low molecular weight compounds containing as elements only carbon and hydrogen, with carbon atoms from 2 up to 12. The presence of some NMHCs in air can result toxicity in the atmosphere. For example, benzene, 1,3-butadiene, formaldehyde, acetaldehyde and poly-cyclic organic matter (POM) are toxic compounds, and in the United States their release into the atmosphere is regulated by the U.S. Environmental Protection Agency. Poly-cyclic aromatic hydrocarbons (PAHs) are an important component of POM. Some toxic NMHCs are emitted directly to the atmosphere (e.g., benzene, 1,3-butadiene and POM) whereas others are also formed in-situ from other NMHCs by chemical reactions (e.g., formaldehyde and acetaldehyde).
Atmospheric hydrocarbon may contribute to particulate matter formation via semi-volatile reaction products that undergo gas-to-particle conversion. Atmospheric particles with diameter less than 2.5 µm are most often produced via chemical transformations, rather than being emitted directly. Highly oxidised VOCs reaction products can nucleate and condense to form organic aerosols. Secondary Organic Aerosols (SOA) is generally only formed from the oxidation of hydrocarbons with high number of carbon atoms. Formation of SOA from isoprene is reported in the literature (Claeys et al., 2004) . The products of monoterpene oxidation are comparatively non-volatile and may therefore play an important role in aerosol formation, hence affecting climate change. However, mainly, aromatics and substituted aromatics have been shown to form aerosols. It is also proposed that the concentrations of monoterpenes, combined with NO x concentrations and the long atmospheric lifetimes of their reaction products will lead to significant yields of aerosols in specific areas. However, information on the main Secondary Organic Aerosols (SOA) precursors concentrations, for example hydrocarbons, in ambient air specific for different areas is lacking and limited information is available on their spatial and temporal variability or even more this information does not exist.
In the atmosphere, hydrocarbons originate from a wide variety of anthropogenic (automobile exhaust, combustion plant, electricity producing, solvent makers) and natural sources (biogenic or oceanic emission). In highly polluted urban areas, nonmethane VOCs typically consist of alkanes ~40-45%, alkenes ~10%, aromatic hydrocarbons ~20% and oxygenates ~10-15% (Harrison, 1999) . Biogenic emissions are mainly in the form of isoprene and terpenes (limonene, a,b-pinenes) which beside other anthropogenic emitted hydrocarbons are assigned as important precursors of secondary organic aerosols (SOA) with important climatic role (Hoffmann et al., 1997 .
While biogenic sources emit large quantities of VOCs, man made activities are responsible for the emission in the atmosphere of a great number of species including alkanes, alkenes, oxygenated and aromatic compounds. It has been suggested that on a worldwide basis biogenic NMVOC emissions are estimated to be a factor of almost 10 higher than the anthropogenic ones. However in urban areas anthropogenic NMHCs often dominate. There is also still a large uncertainty about the exact amount of biogenic NMHCs emissions and recent measurements have suggested that their emissions are much higher than previously estimated, necessitating re-evaluation of their global inventories (Atkinson and Arey, 1998; Atkinson and Arey, 2003) .
The major sink processes for the NMHC S are their reactions with the hydroxyl (OH) and nitrate (NO 3 ) radicals but reaction with ozone is also an important sink especially for alkenes (Atkinson and Arey 2003) . It is also recognised that halogen atom reactions may be an important NMHC S sink in certain areas such as in the Arctic troposphere during springtime (Hopkins et al., 2002) , Antarctic boundary layer (Read et al., 2007) and some coastal regions (Arsene et al., 2007) .
The seasonal distribution for most of the NMHC S is mainly governed by their fast reaction toward oxidants such as OH radicals which abundance in the atmosphere is highly dependent on the amount of light and the NO x levels. Hydrocarbons abundance is fairly well mixed in Europe over the winter time when NMHC S mixing ratios are much higher than during summer time (Hakola et al., 2006) . Due to their high potential to act as ozone precursors many NMHC S are regulated as criteria pollutants (EPA Report, 2004) and some of the hydrocarbons emitted in the atmosphere can have harmful effects on human health and the environment (butadiene, benzene, toluene are regarded as carcinogenic and mutagenic high potential compounds) (WHO Report 91, 2000) . Actually, many hydrocarbons may lead to ozone production via their reaction with OH radicals in the presence of sufficient levels of nitrogen oxides. At least 30 NMHC S (saturated, unsaturated or aromatics) Presently, within Europe, networks for different pollutants sampling and analysis exist in order to find answers to purposes required by today societal needs. However yet, they do not yield sufficient information useful to quantify and attribute their effects on health, weather, and climate over all Europe. Also Chemistry Transport Models (CTMs), which attempt to describe the effects of various atmospheric species on radiation and chemical processes within the atmosphere, have been developed, but these need to be validated by real observations and presently, a suitable set of observational data does not exist.
In the present work we have combined measurements of about 45 C 2 -C 8 hydrocarbons in ambient air at three different environmental sites in the north-eastern Mediterranean (natural, rural and urban) where such measurements are really scarce and thus needed to understand the sources and variability of NMHCs as well as for model validation. We report also results of the variability-lifetime analysis, which along with other complementary data contribute to a better understanding of the sources of the NMHC S at the investigated sites.
EXPERIMENTAL
Hourly samples of 900 ml of ambient air were collected and analysed within intensive measurement campaigns of several days performed each month between February 2006 and February 2007, at Crete, in the north-eastern Mediterranean. Details of the complete analytical procedure used for the NMHC S analysis (with the help of a gas chromatograph equipped with an FID detector) are presented in Arsene et al. (2007) .
In situ measurements of C 2 to C 8 NMHC S were conducted at three locations on the island of Crete, i.e. at the remote background monitoring station of the University of Crete (Finokalia, July -August 2006, assigned as a natural site), the new University campus (HeraklionVoutes, March 2006 -February 2007, rural area) and the former University campus (Heraklion-Knossos, February 2006, urban background site). The monitoring site at Finokalia is a remote background air monitoring station located about 70 km eastward of Heraklion. The new University campus is located about 15 km westward to the main city of Crete, Heraklion, meanwhile the former campus is more representative for a real urban background site as it is located 4 km eastward to the city centre of Heraklion (Koulouri et al., 2008) . The new University campus is located up-wind of the main city emissions directly exposed to the sea. At the rural site, measurements of hydrocarbons were performed on a monthly basis during periods (3-5 days) of similar meteorological conditions regarding wind speed and direction (wind speed higher than 5 m s -1 and prevalent wind directions from the northern sector to identify the role of the long-range transport process). The dataset obtained at each of the investigated area include a number of 320 samples for the rural site, 50 samples for the urban background and 140 for the natural background site. Figure 1 presents the distribution in the average values of NMHC S measured in the present work at the natural, rural and urban sites in the north-eastern Mediterranean, Crete (alkanes, 1a; alkenes, 1b; dienes, acetylene and aromatic compounds, 1c).
RESULTS AND DISCUSSION

General characteristics of the NMHC mixing ratio patterns
In Figure 1 the presented values for the full range of hydrocarbons measured during different campaigns are given along with their standard deviation (± standard deviation, + σ). For the rural site the values are reported through the daily summer and winter concentrations and the seasons are defined as follow, winter from October to March and summer from April to September. Figure 1 shows that ethane, propane, n-butane, i-pentane, n-hexane, ethene, acetylene and toluene are among the most abundant hydrocarbons at each of the investigated sites. Moreover, the distribution of the average values of measured NMHC S follow a pattern expected from the locations of the sampling sites in respect to the pollution influence, with mixing ratios at urban > rural > natural (remote background monitoring site). Indeed average values of the NMHC S mixing ratios measured at the urban site in February 2006 (50 samples) were higher than their average values measured in February 2007 at the rural site, and those measured at the rural site during summer 2006 were higher than those measured at the natural one during the same period.
The NMHCs mixing ratios obtained in the present study (given as mean and median) are comparable to those reported for other sites whenever referred to urban or rural background monitoring sites (Gross et al., 2003 , Hopkins et al., 2005 , Plass-Dulmer et al., 2002 . 
Source contribution
To investigate possible source composition, correlation coefficients between various pairs of hydrocarbons have been investigated using factor analysis with extracted principal component after normalized Varimax rotation. After applying Varimax rotation, loading factors greater than 1.00 were considered as significant in the interpretation of the obtained results. The results obtained from the PCA analysis of the data measured at the natural, rural and the urban sites are included in Table 1 .
About 74% of the total variance is explained for both the rural and the urban sites meanwhile for the natural site only 50% accounts for the total variance. Moreover for the rural and urban sites there are five main extracted factors meanwhile at the natural site only two factors can be considered. In each factor significant number of hydrocarbons have loadings greater than 0.7.
At the rural and at the urban sites the first factor (F1), which accounts for 30.9% of the total variance, shows high loadings for components characterising contributions from combustion and stationary sources (e.g. acetylene, n-butane, t-2-butene, 1-butene, cis-2-butene, ipentane, n-pentane, t-2-pentene, cis-2-pentene). A second factor (F2) explaining 14.4% of the total variance corresponds to hydrocarbons emitted mainly from fuel consumption (vehicle exhaust). It includes i-butene, ethyl-benzene, (m+p)-xylene and o-xylene. The third factor with a 12.5% contribution to the total variance includes hydrocarbons from surface evaporative emissions related to solvent use in various industrial activities around the site (ethene, propene, i-butane).
The fourth factor (F4) explaining only 5.7% of the total variance characterises mainly the contribution from the biogenic sources with very high loading factor for isoprene (0.83). Unexpected and presently not yet understood is the presence of n-hexane in the same factor (hexane is used in various industrial processes as a solvent, i.e. in coatings, paints, and adhesives). However, this case may suggest the dual nature source of isoprene which is suspected to be also of anthropogenic origin.
The last factor (F5), with a contribution in variance of 10.3%, underlines the presence of ethane and propane which would imply definitely a common source most probable from natural gasses (NG) and liquefied petroleum gas (LPG) leakages from the continental platform. Benzene shows significant loadings within F1, F3 and F5 which would suggest that its ambient level may come from a variety of sources and not only from the automotive exhaust.
At the natural site the extracted factors correspond actually to the anthropogenic (F1 * with a 32.6% contribution to the total variance) and biogenic (F2 * with 17.5% contribution) in source origin fractions.
The first factor comprises most of the hydrocarbons of anthropogenic origin (ethane, propane, i-and n-butanes and pentanes, acetylene, ethene, propene, 1,3-butadiene, benzene) meanwhile the second factor is mainly related to hydrocarbons of biogenic origin. This factor includes i-butene, 2-methyl-1-butene, 2-methyl-2-butene and isoprene. Apart isoprene, which is considered of biogenic origin, i-butene is also suspected of marine origin (Bonsang, private communication) . This hypothesis is confirmed by the mean (median) of i-butene at each of the investigated sites (all coastal locations) which have relatively high values. In the present work at each investigated site, although assigned as natural, rural and urban, the values for ibutene are much higher (>0.2 ppbv) compared with those reported by Hopkins et al. (2005) 
CONCLUSIONS
The present work provides an assessment of individual hydrocarbon sources on a spatial and temporal basis in a study performed in the Eastern Mediterranean. High quality continuous hourly NMHC data sets are used to characterise their sources especially at urban and rural scale. In order to explore accurately the behaviour of the identified hydrocarbons (related to their sources), the concentrations of the measured hydrocarbons were followed with high temporal resolution in different intensive campaigns.
Hydrocarbons as ethane, ethene, propane, propene, n-butane, iso-butene, 1-butene, trans-2-butene, cis-2-butene, 1,3-butadiene, n-pentane, isopentane, 1-pentene, 2-pentene, isoprene, n-hexane, isohexane, n-heptane, n-octane, iso-octane, benzene, toluene, ethyl-benzene, (m+p)-xylene, o-xylene and 1,2,4-(1,2,3-; 1,3,5-)-trimethyl-benzene, which are among the most important ozone precursor hydrocarbons, were measured in the present work.
Measurements of C 2 to C 8 NMHC S (45 compounds) were performed on the island of Crete in the Eastern Mediterranean at three distinct locations (natural, rural and urban) from February 2006 to March 2007. As the measurements were performed during periods of similar meteorological conditions regarding wind speed and direction (northern prevalent wind sector sometime with influences from the western coastal line of the island) it was possible to distinguish between the role of long-range transport process and contributions from local sources. Most of the measured hydrocarbons present clear seasonal variability with minimum during high insolation period of a year (photochemistry responsible).
Contribution from various sources may account for the abundance of the measured hydrocarbons at the monitored sites. Ethane and propane are associated with natural gas (NG) and liquefied petroleum gas (LPG) leakages from the continental platform, especially due to their long atmospheric residence time. Other identified sources include vehicle exhaust, stationary combustion and biogenic emission. Benzene ambient levels may arise at the investigated sites from a variety of sources and not only from the automotive exhaust meanwhile isoprene, expected mainly as of biogenic source, may have a dual nature in its origin involving also an anthropogenic fraction.
